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ATLAS/CMS OpPTIMAL FOR HIGGS SEARCHES

@ Good, Hermetic Calorimetry: Missing ET Measurement, Jet Reconstruction up to |n| < 4.9.
@ Powerful Particle Identification
~ 97% Muon Efficiency, Cleanest ldentification
~ 80% Electron Efficiency with Jet Rejection of 10°
~ 80% Photon Efficiency with Jet Rejection of 103
~ 60% b Tagging Efficiency with Light Jet Rejection of 10> (Good Vertexing)
~ 50% Hadronic 7 Efficiency with Jet Rejection of 102
@ Excellent Electron, Photon and Muon Energy- and p1 Resolution

COVERED IN THIS TALK
@ BSM Higgs Boson Searches in the MSSM

@ Measurement of Higgs Boson Properties

Results Based ‘Computing System Commissioning’ Studies (ATLAS)
and PTDR Vol.ll (CMS)

(Unless Indicated Otherwise)
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Part |

MSSM Higgs Boson Searches

OUTLINE

9 h/H/A — pp Searches
Q h/H/A — 77 Searches

Q Charged Higgs Boson Searches
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T SSM Higgs Sector

SUPERSYMMETRY Needs Two Higgs Doublets
— Five Physical Higgs Bosons.

@ Two CP-even: hand H
@ One CP-odd: A
@ Two Charged: HE

AT BORN LEVEL Higgs Sector Determined by Two Parameters 250 T T T Z
L . Z 1
@ Mass of CP-odd Higgs Boson m pomaximel mixing a0 27
g8 A | pu=-200 Gev |
@ Ratio VEV of the Two Higgs Fields tan 8 £ ool Msosy = 1 TeV
§ 20017 gt (—-—) 7]
@ Prediction my < mz < [
" ]
LARGE LOOP CORRECTIONS Increase this to mj, ~ 130 GeV é """ 1
[ -
53
MASS DEGENERACY of At Least Two Neutral Higgs Bosons in =
Larger Parts of Parameter Space B
LicHT NEUTRAL HIGGS BOSONS i | |

@ Predominantly Produced in 100 150 200 250

- Gluon-Gluon Fusion for Low tan 3
- bb Associated Production for High tan 3

@ Mainly Decay to

- bb with BR~ 90%
- 77 with BR~ 10%
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, h/H/A — pp — ATL

SCENARIO:

@ Branching Fraction h/H/A — pu Highly Suppressed in Standard Model
@ Enhanced with tan 8 in MSSM

@ High Momentum Resolution and Identification Efficiency compensate for BR Suppression
PRODUCTION MECHANISM:
@ Direct Production: gg — h/H/A Dominant at Low tan 3
@ Associated Production: bbh/H /A Dominant at High tan 3
BACKGROUND CONTRIBUTION:
@ Dominant: DRELL-YAN Z Production
@ With b-Tag Required:
@ Z+b-Jets and Z+Light Jets )
¢ tt — bbuuvv (High Jet Activity/ EF5%)

¢ WW/ZZ Negligible (Low Cross Section)
PRESELECTION:

@ Single-p Trigger (Efficiency € &~ 95%)
@ Two Muons of Opposite Charge w/ p1 > 20 GeV
@ Muon Isolation: E7(AR = O.4)/p’TL < 0.2 (Suppression of tt)

o E-,rf‘iSS < 40 GeV (Rejects tt and WW)
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REQUIRE 0/1 b-TAG:

@ 1 b-Tagged Jet w/ pr > 20 GeV

@ Reduces Z+Light Jet Background
@ But: Significant Reduction of Signal

@ 1 b-Jet Analysis

@ tt Background Important

@ Further Rejection:

- pp Acoplanarity

- > pyet < 90 GeV

@ 0 b-Jet Analysis

@ Z-Background Dominant
@ No Further Selection Cuts

@ Mass Window Am = mpa £2- 0,

NoO b-TAG REQUIREMENT:

9 < 2 Jetsw/ pr > 20 GeV in the Event

(Suppresses tt)

@ Remaining Topologies

Entries / (4 GeV/c?)

Entries / (4 GeV/c?)

0 b-Tags 1 b-Tag
T T { Y T En T T T T
i TLAIASTY T F O oon ATEAST
E , “bje 3 Zeljets
ﬂizaev/c ww 9 Z+bjets
E [ E S 10'F = ww 3
\@gGeV,’c' 3 o
- - |74
¢ 510k,
~,
"
J 102 200 GeVic R
SE 00 Gevic
g e
L Bl 10k i ?}';Er’i?ki.:?‘i i
o oot
g
L | | | | 1 | I I T i
150 200 250 300 350 150 200 250 300 350
my, (Gevic?) my, (GeVic?)
S [ Y LAST] G 1oL by T bbA  ATLAS']
a) Zeljets Preliminary 210 D) = Toljets | Preiiary
3 Zsb jets 8 Z+bjets
[ 150 Gev/c? o ] = 10t = ww i
- = 1B 50 cevit BB ¢,
200 GeV/c? 2 2
] SR 200 GeV/c
e 300 Gevid g1o

@ 0 Jets: Z Bckg. Dominant

@ 1 Jet: tt Important

— Cut on pp Acoplanarity

300 350
m,, (Gev/c?)

0 Jets

w@ew 3

!
200

| |
300 350
m,, (Gev/c?)

1 Jet

|
250

Estimation Z and tt Background from Data

W.Mader (TU Dresden)

[m]

=

PLN G4

Higgs Properties and BSM Higgs Boson Searches at the LHC



SYSTEMATIC UNCERTAINTIES

@ Theoretical Uncertainties (Total: 17%)

@ Renormalization/Factorization Scale
@ gg — bbh/H/A: (20 — 30)%

& bbh/H/A: < 10%

@ PDF Uncertainties (MRST2002 — MRST2004): 14%

@ Experimental Uncertainties

@ Muon: Reconstruction Efficiency/Momentum Resolution and Scale

@ Jet: Energy Scale / Resolution Uncertainty
@ b-Tagging: Efficiency / Light Jet Rejection

DiSCOVERY POTENTIAL AND EXCLUSION LiMmIT

tanf for 5a discovery

tanf for 50 discovery

ATLAS g

5 pomnay 3§ 2 goF Prefminary 3
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40 4 Fwf E
Liow 3

30 5 s0f B
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TRIGGER:
@ Single OR Double T Trigger
@ Double T Tagging

EVENT SELECTION:

@ ET > (50/100/150) and 50 GeV for
ma = (200/500/800) GeV

@ 7 ldentification
- Tracker Isolation
- P > 50 Gev
- 1 or 3 Tracks (Only 1 for high mp) - Opposite Charge

@ Exactly 1 b-Tagged Jet w/ ET > 20 GeV
BACKGROUND:

@ QCD Multi-Jet Background Dominant
SYSTEMATIC UNCERTAINTIES:

o E-‘,!liSS and Jet Energy Scale

@ Tracker Misalignment — 7 Fakes from QCD

@ Measurement of QCD Bckgr. from Data (SS vs. OS) —
~ (5 — 20)% Systematic Uncertainty

DISCOVERY REACH:

Tow tan 7 Timit Higgs boson mass

for 50 discovery | ma =200GeV/c” | ma =500GeV/c” | ma =800 GeV/c”

no s

tematics 20 32 46

with systematics 21 34 49

W.Mader (TU Dresden)

60,
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40|

Nev / 40 GeV/c*

30|
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mi,x Scenario

M,=200
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e P
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bbh/H/A, h/H/A — 77 — (e/n) had — CMS

TRIGGER:

@ e+Jet Final State:
Single e OR Single e+7 Jet

@ p+Jet Final State:
Single p @L1
Single p OR Single p+7 Jet GHLT

SELECTION:
@ p+Jet Final State:
- pl-r“.k > 10(20) GeV for 1 (3) Track 7-Jets
- 1 b Tagged Jet (ET > 20 GeV)

- my(p, ERISS) > 60 GeV
(Reduces tt, Wt, and W+Jets Bekgr.)

- Cut on EHCAL /ltrk
- Angle ¢(pr, E{°")
- Central Jet Veto (E7 > 20 GeV)

@ e+Jet Final State:
- Electron Isolation

B EhadroniC/Eelm <0.2
_ ESuperCluster/ptrack <0.2

- Dedicated Cuts to Suppress Z/~*, tf, W+jets
and QCD

W.Mader (TU Dresden)

H/A — 77 — p+ 7+Jet
T T T T
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) E 3
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bbh/H/A, h/H/A — 77 — (e/n) had — CMS

DISCOVERY POTENTIAL for p had (left) and e had (right)
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@ Low myu Range: Discovery Possible Already at Low tan 3

@ High my Range: Challenging Even for High tan 8

CMS, 30 fb™
Hgysy—1t—e + t-jet + X
X, =2 TeVic’, M,

oy = 1 TOVIC

My, = 175 Gevic®

Excluded by LEP

Full simulation

Full simulation, with :
syst. uncertainties

e d

100 200 300 400 500 600 700
mA(GeV/c )

ATLAS Study for lep-had and had-had Ongoing
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— Inclusive Analysis — ATLAS

N ANALYSIS:

&

20 prinnay - EggﬁA/H'h @ Aiming at Early Data Taking Period (No b-Tagging)

52l bbA/H

H Jtdhﬂb" Ei:;; @ Contribution to Production Cross Section from Direct- and
15E M, = 130 GeV O Associate Production.

tanp = 30

@ Reconstruction of Visible Mass

PRESEL

CTION:

O e o o e @ Trigger: Electron/Muon Trigger
@ Zero Jets with p7 > 20GeV
> E -
S pmas Moo AH SELECTION RESULTS:
s EobAH 3
H Wog-h 3
B J‘Ldt:"b" E?;L 3 Cut bbd fefelo} ttbar WW | Z—ee|Z-opu|Z=1t
126 M, =150 GeV. mww 3 Precuts 1390 606 1340 | 1097 | 254k | 420k | 5870
tang = 45
o Priggs < 35 GeV 1329 | 584 70 1055 | 249k | 410k | 5752
0<x),%<1 709 333 7 51 77k 121k | 3008
Priepions > 40 GeV. 196 90 5 33 50k | 79k 182
ep final state 91 46 1 18 0 83 87
cos @ ri > 095 | 50 29 0 7 0 29 56
3k 3 m, > 110 GeV. 20 13 0 6 0 0 19
2“7 Preiminary Moo AH
EbbAH ; f _ —
Eul ILdl:"b" Hoon (Cross Section (in pb) for my = 130GeV and tan 8 = 45)
e [z-<c
b Ma=200Gev
SYSTEMATIC UNCERTAINTIES:

9 Z — 77 Assumed to be 10%

@ Other Backgrounds (WW, t%): 30%

=] F = = PLN G4
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Inclusive Analysis

SIGNIFICANCE as a Function of tan 3

ATLAS

10 10! 10’
Systematic Uncertainties Included "
)
ATLAS ATLAS
Preliminary Preliminary
X Preliminary X
o 10 ° o 10
8 8 8
e £ £
5 5 5
£ .\ £ 10 £
€ Ldt=11b" = €
- ! - - JLdt=1m""
w0'f M, =130Gev (Latetfort 10°F m, =200 GeV
—e— Significance (Using Proie-Likelhoo) m, = 150 GeV. —e— Significance (Using Profe-Likeinood)
- 5a Lovel ~--= 50 Lovel
—e— Sigiicance (Using Profe-Likelinood) i
Systematic Uncertainties Included i Systematic Uncertainties Included
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DISCOVERY AND EXCLUSION Limits as a Function of Integrated Luminosit

ATLAS

Preliminary

Systematic Uncertainties Included M,

Exclusion @ 95% CL
5 Discovery

0GeV

y
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o Discovery

ry
Uncertainties Included M,
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ANALYSIS: (All Leptonic Final States Considered)
& Triggered on Leptons (e/u)
9 At Least on b-Tagged Jet

(— No Contribution from Direct Production)

@ mr+ Using Collinear Approximation

SELECTION:

Variable ttbar Z—uu Z—1t
Precuts 10271106 7715£178 1243 £27
Number jets 122837 3461119 641 £20
Dilepmass. GeV 436+ 22 106 £ 21 604+ 19
Xp-X2 325+ 19 33+ 12 498+ 17
PTomiss. GeV. 316+ 18 8146 378L15
Pr.ce. GeV 165+ 13 8.146
pr.ie- GeV 114+ 11 4144
PT.leading bjet» GeV 5418 4.1+ 4
0 44+7 4114
PTeading lep» GeV 37+ 6 4144

(Cross Section (in pb) for m4 = 130GeV and tan 8 = 20)

REsuLTS:

@ Low mp Range: Z — 771 Dominant Bckg.

9 High my Range: tt Background Dominant

DOMINANT SYSTEMATIC UNCERTAINTIES:

¥ Jet Energy Scale/Resolution

@ b Tagging Efficiency

Exclusive Analysis

ATLAS

2 2«
5 8 8
T
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3
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DISCOVERY POTENTIAL AND EXCLUSION LimITs:

o 30
c

©
+ 25|

20

ATLAS \s=14TeV, 30 ft"

Preliminary

bb h/H/A—tt— lep-lep m’™ scenario

— 5.0 Discovery
-+ 2 6 Exclusion
- Excluded by LEP

ENo Systematic Uncertainties

< Nl b b e b

%0 100 120 140 160 180 200 0
m, / Ge

@ 30F T T T T T T ]
c L ATLAS \s=14TeV, 301" ]
< 25F Preliminary E
E bb h/H/A—>tt-> lep-lep ]
20; my® scenario é
1BE B
10F E
L —— 50 Discovery ]
50 . -+ 2.6 Exclusion E
[ Including Syst. Uncertainties |~~~ ©Xu0ed by LEP |-
Cov v b b b w1y | I I |

%0 100 120 140 160 180 200 220

m, / GeV

W.Mad

(TU Dresden)

50 [ e

oy +—
< ]
©

- 1

CMS, 30 fb’ 1

400 —

H/A—tt—en ]

300 mpax scenario

u =200 GeVic?

20 Full simulation, with m

\ systematic uncertainties -

Full simulation di

10 5

Excluded by LEP

100 150 200 250 300 350 400 450 gOO

my(GeVi/cY)
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Charged Higgs Boson Searches

PRODUCTION AND DECAY:
@ myp < mpt— HYb, HY — 7v
@ bThaavbqq
@ brieprbgq

@ bThaqvbly

@ my+ > megb — tHY, HY — tb

1 Ty
¢ gg/gb — t[b]H" — bgq[blmhaav G
o gg/gb — t[B)H" — t[b]tb — bW[b]bWb — blu[b]bqqb ECN
TRIGGERS:

@ High Et Lepton

@ Hadronic 7 Decays

3 a1
. . g &
@ High Missing ET <
S e e
H 0
H Scenario B (tar
5
10?
1
N 107
10 N e SOIGRUH e R
" mhmpx Al L .l i I
10550 2 W0 50 6 EL 10" 100 200 300 400 500
tanp H' mass (GeV)
o F = E = DAl
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harged Higgs Boson Searche

t — bHY — brhaav t — bqgq:

HicH CROSS SECTION X BRANCHING FRACTION
MAIN BACKGROUNDS:

@ tt — WbWb with one W — 7y ,qv

@ Single Top

@ W+Jets

@ QCD Dijet Events
SELECTION:

@ Preselection:

T Jet

2 b-Jets

> 2 non-b-jets
Lepton Veto
EFV% > 30 GeV

@ Anti-QCD Cuts:

¢ & ¢ ¢ ¢

# W/t Mass Reconstruction
* P14y /PT, ty
@ Ap(tr, t2)

@ Likelihood Discriminant

@ Seven Variables
@ Against Dominant tt Background

W.Mader (TU Dresden)

50 discovery sensitivity

tanp

[ET
ATLAS o
-1
Scenario B Preliminary 1o

110 120 140 150 160 170

130
m,. [GeV]

95% C.L. exclusion sensitivity

tanp

y
TLAS
ZPreliminary

100 110 120 140 150 160 170

130

m,. [GeV]
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Charged Higgs Boson Searches — Light Mass (II) — CMS

t — bHY — brhaav t — bly:

MAIN BACKGROUNDS:
@ tt — WbWhb with one W — fv

@ W + 3 Jets with one W — £v b= 80f™T cms‘sof‘b‘ ‘ pp—‘> th‘ TH ‘_”v‘ =
N T X © L ]
SELECTION: = 70F m, = 175 GeV/c? 1
@ Preselection: F— 1_1 =-1000 GeV/c? E
. 601 - = -200 GeV/c? E
@ Triggered Lepton E u 200 GeV/c? 1
@ > 3 Jets (1 b tagged) 50 H. L= 1000 Gev/c® 4
e 7 Jet E 3
(Er > 40 GeV and pt™a°k /ET > 0.8) 400 3
@ Charge: Q(¢) + Q(r) =0 E ]
o EFIS 5 70GeV 300 E
@ Main Systematic Uncertainties: E E
i 20 m;"® scenario .|
@ tt Cross Section E ::5"5'280‘ ;e\\;/é B
@ Luminosity Measurement 10 mg,u;o_oains/fsv ]
s 7 (b)-Tagging :"HmmmumumummXH e |
@ Jet Energy Scale 90 100 110 120 130 140 150 160 170 180
@ Discovery Sensitivity H+,G9V/C
@ tan 3 > 50: Up to almost m;
@ All tan 3: For my+ < 130 GeV
o = = = T 9ac
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t — bHt — bTiepv

EVENT CHARACTERISTICS:
@ Isolated Lepton from 7 Decay
@ Large E‘Tniss
MAIN BACKGROUND: SM tt SELECTION:
9 pt > 5Gev
9 EMIss 5 120 GeV

@ > 4 Jets (pr > 40 GeV (2 b-Tags)
RECONSTRUCTION:

@ W Mass Reconstruction

@ Assignment of b Jet

@ Angular Correlation
@ Jet Charge

@ 100 GeV < m(thaq) < 300 GeV
tt SUPPRESSION:
@ Angle ¢ in W Center-of-Mass Frame
2
2my,

—tb g
e,

cos 1 =
@ Transverse W Mass m;v
STATISTICAL SIGNIFICANCE:

@ Calculated from mJV and m;+ Distributions

W.Mader (TU Dresden)

50 discovery sensitivity

tanp

[
o
1
Scenario B LI
ATLAS
Preliminary
90 100 110 120 130 140 150 160 170
m. [GeV]

95% C.L. exclusion sensitivity

tanp

Scenario B

90 100 110 120 140

130
m, [GeVI
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harged Higgs Boson Searche

b{ly[b]b qqb:
——

H+—tb

EVENT CHARACTERISTICS:
@ 3-4 b Jets
@ Lepton from W Decay
@ 2 Reconstructed Ws (Tops)
EVENT SELECTION: 3 (4) b-Tags
@ One Muon w/ pr > 20 GeV

> 5(6) Jets with pr > 25 GeV

3(4) b-Tags

Likelihood to Suppress Combinatorial Background
3 b-Tags: Likelihood to Suppress tt + X

4 b-Tags: b Discriminator
DISCOVERY REACH:

@ Even Assuming Low Systematic Uncertainties:
Almost no Sensitivity in MSSM Space

W.Mader (TU Dresden)

CJ
o
@ Kinematic Fit w/ Mass Constraint for W and t
CJ
o

High Mass — CMS

. 100

c
£

90|
80
70
60|
50|
40
30
20|
10|

cMs
3 b-tag

e 3% systematic uncertainty

w19, systematic uncertainty

0% systematic uncertainty

I 1 | | | 1
0 250 300 350 400 450 500

M, (GeV)

CMS
4 b-tags

e 1% systematic uncertainty

== 0% systematic uncertainty

E 1 | | 1 i 1
0350 500 550 00 4B0 500

[VERNTa VNV
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Higgs Properties and BSM Higgs Boson Searches at the LHC

PLN G4



Charged Higgs Boson Searches — Combined Results

CMS AND ATLAS Discovery Contours in the MSSM (m}*®* Scenario)

arXiv:0804.1228v1

. 5c discovery sensitivity
@ 80p T 3 o
[] £ ] CDF Run Il
= 70 ! 55 Excluded
L J 95% CL ]
601 E ]
50 e ]
E — u=-1000GeV/Z)] = 1
40¢ p = -200 GeV/c? |4 K 1
30i 1 =200 GeV/e? | ]
F ——u=1000GeV/c® |4 4
E mp®* scenario B |:|30 fb ; 1
20: Mgysy = 1 TeV/c? ] 15- I 10 1o ]
[ M, = 200 GeV/c? ] X |
10 E mm;(m_: 0.8 Mo, B 10f  Scenario B ATLAS
Boid iy i S‘D Preliminary ]
100 200 300 400 500 6200 90 110 130 150 170 200 250 400 600
M,,GeV/c m, . [GeV]
CONCLUSION

@ M+ < me: Will be Covered at LHC
(Even Though High Luminosities Integrated Might be Needed)

@ My > my: Sensitivity Only for High tan 8
@ (ATLAS: Low-my/Low-tan 3 Region Has Limited MC Statistics)

[m] = = =
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Part 11

Measurement of Higgs Boson Properties

W.Mader (TU Dresden)
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Measure

t of the Higgs Boson Wid

h/H/A — ppu:
@ Natural Higgs Boson Width Comparable to m,;, Resolution O(few MeV)
— Possibility of Direct Measurement of Higgs Boson Width
@ Higgs Boson Width is Function of tan 3
— Sensitivity to tan 3 for my > 150 GeV
MEASUREMENT:
@ Fit my,,, Distribution (Voigtian)
@ Correct for Mass Resolution

@ Correct for Not-Perfect Mass Degeneracy of my and my

< E 60
2 16 &
S e
& -1
% 14— e Inirinsic width (I} TREEE Gevie? 50 CMS, 30 fb
£ ——Tp+ AMyy I [ I
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Measur

t of the Higgs Bos

STANDARD MODEL HiGGs BosoN
@ UeH — vyyorH — Z2Z — 4

Mass

@ Measure Invariant Mass Peak
@ Precision: 0.1% for my < 400 GeV
@ Systematics Dominated by Knowledge of Energy Scale

———|H~ZZ > 41, CMS
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NON-STANDARD MODEL Hicas BosoN
@ Coupling to Z and W Suppressed

@ Reconstruction in H — bb, H — 77 (Collinear Approximation), H — WW (Transverse Mass)
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Measurement of Spin/CP of the Higgs Boson

©—Z polarization

9 Observation of gg — H or H — ~7 Excludes ¢—plane angle

Spin-1

@ For my > 200 GeV Study Spin/CP from
H— ZZ — 4

@ Exclusion can be deduced from 6 and ¢
Distributions
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Measu

of Higg on Coup

The rate for H — xx is given by (Intermediate Mass Range — Narrow Width Approximation)

SM
o(H) x B(H — xx) = &A%

rsm r
—gH2) I GHW, —¢H2) W
------- giHY / g'(HW) e (7)1 9°(HW)
MODEL-INDEPENDENT APPROACH (ATL-PHYS-2003-030)
@ At Hadron Colliders Not All Decay Modes Observable - O ey
ATLAS o ATLAS
@ Only Ratios of Couplings Measurable JLdz:xom' _[Lduxuuﬂ:‘

@ Global Likelihood Fit at Each Possible Higgs Mass

Input: Measured Rates for Each Production Mode [ \//\ \\
Output: Couplings Normalized to WW Coupling oz N\ o K/\
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(ALMOST) MODEL-INDEPENDENT APPROACH BT
(Phys Rev D70,113009,2004) N3 N3
@ Allows for Extraction of Absolute Couplings orf T o7t b
@ Perform General Fit Assuming 'y, < I'EM 3 2 Experiments oo 2 Experiments
Measured [(H — VV) Puts Upper Bound Total Higgs Width  os- [Lazmn osf- .[;;‘f:f;:"::
@ Fitting Procedure Similar to Model Independent Approach 3 : o4
03 4 03—
@ Additional Assumption: o |
£ ol
@ No Non-SM Particles in H — vy~ and gg — H. of
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Conclusion

MSSM Higgs Boson Discovery Potential and Measurement of
Higgs Boson Properties have been Reviewed

MSSM DISCOVERY POTENTIAL:
@ h/H/A — pup:

- Discovery Possible for ma ~ 150 GeV and Medium tan 3 (~ 30)
- For Higher ma Large tan 3 Required

@ h/H/A — 77

- Mass Range up to my = 800 GeV Covered
- High Higgs Boson Masses Need High tan 3
@ Charged Higgs:

H' — 7v Prime H' Discovery Channel in MSSM
H™ — tb Does Not Have Discovery Sensitivity
Light H* Mass: Sensitive up to Masses Close to m;

High H Mass: High Luminosity Needed and Medium tan 8 Range not Covered
MEASUREMENT OF HIGGS BOSON PROPERTIES:

¢ & ¢ @

@ Important Measurements Possible Like
- Mass
- Width
- Spin/CP
- Couplings
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